SSC San Diego is now pursuing integration efforts in order to increase base security and defense missions by decreasing time and personnel required to maintain a UAV during operations. The main project goal is to develop a system that allows a UAV to be launched, recovered, and refueled in order to provide force extension through autonomous aerial response. This paper presents an overview of near term mission areas, benefits, and target recipients of the integrated system. It also provides a description of the project plan, including challenges faced and lessons learned, in order to inspire further integration ideas and efforts with existing unmanned systems.
systems such as boats or trucks, whereas fixed-wing UAVs require catapults or rockets for takeoff and nets or parachutes for landing.
The ability to maneuver freely in three dimensions makes VTOL UAVs well suited for flying through cluttered spaces such as forests or urban environments, whereas conventional UAVs have difficulty maneuvering. The ability to hover and land in small areas also makes VTOL UAVs valuable for their "Perch and Stare" capability, landing in an area of interest and shut down their engines, becoming a stationary sensor platform until they need to move again [2] . Their hover and three-dimensional maneuvering capabilities are also essential for successful operation in windy conditions when providing low-altitude coverage.
The primary downside to VTOL UAVs is that they have a significantly smaller payload-range ratio than similar-sized fixed-wing UAVs. For a given payload weight, a fixed-wing UAV is able to fly for a longer time than a VTOL UAV. As a result, VTOL UAVs must remain closer to their refueling station and/or spend less time in operation areas. This also means that human ground crews must spend more time landing and refueling a VTOL UAV, usually close to the operations area putting them at greater risk.
BENEFITS OF AN AUTOMATED UAV MISSION SYSTEM
The use of an automated UAV mission system for the launch, landing and refueling of a UAV provides the potential for significant manpower savings in comparison to existing UAV systems requiring human ground crews to perform recovery and refueling of the UAV. Reducing the number of support personnel required to operate a UAV will free up personnel and financial assets for other tasks. Savings are realized from the ability to have a forward-based refueling station. With a more also accessible refueling station, the efficiency of the UAV is increased since less time is spent in transit to and from the manned refueling station. As a result, more time is spent in mission execution. This allows for fewer UAVs to perform a given task, reducing the overall cost of the UAV mission system.
The automated UAV mission system also allows the UAV to operate at a greater distance from operational personnel. This moves the ground crew out of harm's way.
An automated UAV mission system allows the UAV the capability to be forwarddeployed, allowing for rapid response. Having automated UAV mission systems preplaced in strategic locations can significantly reduce the time required to respond to dynamic situations. Pre-placed automated UAV mission systems can also act as range extenders for UAVs, allowing a UAV to refuel itself repeatedly while traversing a long distance. This allows for fewer UAVs to be used as resources for large areas, adding the capability to move to different locations to meet current needs.
The physical combination of a UAV with a UGV or Unmanned Surface Vehicle (USV) creates a robotic mission system that allows the operation of the UGV or USV alone (while transporting the UAV), the UAV alone (with the UGV or USV acting as a stationary base), or both in cooperation to perform complex tasks, such as mine clearing.
In such an arrangement, effectiveness is increased by utilizing the benefits of the UAV (fast transit, overhead view, long communications range, ability to travel over poor terrain) and the UGV or USV (large payload, large power supply, long range).
The UAV's ability to hop from one automated system to another will also allow for UAV resources to be more easily shared. For instance, a UAV could be launched from a UGV and landed on a USV. In a large network of multiple unmanned vehicles, the need for an aerial communications relay, an extensive view of local coverage area, or deployment of a defense for immediate response. This eliminates geographic constraints associated with single unmanned vehicles, allowing the dispersed platforms to work cooperatively to achieve increased shared situational awareness and synergistic effects, and provides dynamic adaptation to the situation by providing a way to exchange roles and/or responsibilities.
TARGET RECIPIENTS AND APPLICATIONS
Several users in the security and offensive military community have been identified that would potentially benefit from the automated UAV mission system. They 
MDARS Program
The MDARS program sponsored by the PM-PSE is a joint development effort between the U.S. Army and U.S. Navy to field mobile robots for physical security. The MDARS-Exterior (MDARS-E) provides intruder detection and assessment, barrier assessment, and inventory accountability. Expanded force-protection and forcemultiplication capabilities have facilitated investigations into aiming and firing less-thanlethal weapons on the MDARS-E platform. A Marsupial Delivery System has been integrated to carry and transport smaller deployable assets, such as a Man-Portable Robotic System (MPRS) Urban Robot ( Figure 1 ) [3] .
Figure 1. MDARS-E with Marsupial Delivery System
The MDARS-E platform is being used during the development of the automated UAV mission system. The benefits of an automated UAV mission system would extend the MDARS mission areas. For example, an MDARS-E platform could autonomously patrol a weapons storage facility performing intruder detection. If an intruder was detected and attempted to elude the MDARS-E platform, the automated UAV mission system could launch the UAV in order to maintain pursuit of the intruder. The automated mission system also allows the UAV to spend more time in the air for continuous aerial coverage. This would expand the physical security system's mission of intruder detection by extending its zone of security.
In the Project Leap Ahead demonstration held December 2002 in Florida (USA), the MDARS-E platform was part of the "Flightline or Alert Area" scenario. The 29-inch iSTAR was used to further illustrate the MDARS system's capability to detect, identify, track, assess, report, and respond to adversary personnel and vehicles.
FCS Demonstration Program
The U.S. Army's FCS demonstration program plans to develop a network-centric concept for a multi-mission combat system. Its purpose is to be overwhelmingly lethal, strategically deployable, self-sustaining, and highly survivable in combat through the use of a Family of Systems. The goal of the program is to develop an ensemble of manned and unmanned ground and air vehicles that maximizes the following critical performance factors:
ground platform strategy; operational and tactical mobility; lethality; survivability; and sustainability. The program will be adaptable to a changing set of missions ranging from warfighting to peacekeeping [4] .
An automated UAV mission system will address FCS requirements for UAVs troops. An automated UAV mission system would allow rapid deployment of a UAV communications repeater vehicle to maintain communications between ground units, operators, and UGVs.
PerceptOR Program
The FCS PerceptOR program focuses on off-road robotic navigation, and, therefore, conducts unrehearsed field experiments in a variety of terrains and weather conditions. The developed technology will be used for various combat roles and will help to identify the weather and terrain conditions under which unmanned off-road vehicles can be used effectively.
The PerceptOR program is also examining the use and significance of a-priori overhead data and multiple cooperative ground and air vehicle perspectives for off-road robotic operations [4] . The automated UAV mission system would be mounted on a UGV and used to launch a UAV to fly ahead of the UGV in order to aid its navigation.
The ability to launch the UAV directly from the platform instead of a separate base station will improve response time and decrease the manpower needed for coordination and logistics.
COUGAR Technology
COUGAR is a technology effort to integrate multiple unmanned systems to demonstrate detection, designation, and engagement of threat systems. As such, COUGAR is a lethal capability that could transition into other unmanned system programs, including the U.S. Army's FCS and the U.S. Marine Corps Gladiator Program.
Gladiator is an initiative to support the dismounted infantry with unmanned scout/surveillance capabilities.
Phase II of COUGAR consists of a command vehicle that hosts the Operator
Control Unit, a "killer" Hybrid HMMVW robot that carries long range weapons, and a "hunter" robot with a day/night reconnaissance payload, a laser designation system, and a UAV. The "hunter" robot will use an onboard launch/recovery system for quick response to potential targets. The human operator programs the UAV's flight path before launch and monitors its aerial imagery. The "killer" robot will be slightly autonomous with waypoint navigation and convoying modes. It will follow the "hunter" robot to a firing point, and the hunter robot will go to a reconnaissance position. The human operator sends a command to launch the UAV from the "hunter" robot using an automated UAV mission system for aerial reconnaissance and survey of targets. The UAV will then confirm a positive or negative hit by the missile launched ( Figure 2 ) [5] . The automated UAV mission system can be mounted on the SPARTAN test bed ( Figure 3 ) and used to support FP and ISR activities by providing stand-off capabilities and overhead visual imagery. The UAV can be deployed from SPARTAN and used to investigate suspect vessels or objects before an interdiction team. The second generation automated UAV mission system fixture consists of a round base where the UAV sits and four large arms which are raised to enclose the vehicle and lowered to provide a large landing area. When lowered the arms form a funnel which guides the UAV into the center of the fixture ( Figure 5 ). When raised the arms provide protection for the UAV while it is carried by the UGV (Figure 6 ). Experiments are planned to determine the best configuration of the arms for takeoff. Expectations are that the arms should be closed fully for takeoff, providing a launch tube effect. In the center of the launch fixture is a capture and release mechanism ( Figure 7 ).
This mechanism attaches to the bottom of the UAV and is used at launch to hold the UAV down until the engine spins up to full throttle, and at which time the capture mechanism is released to launch the UAV. This mechanism also incorporates a fuel pump and nozzle so that the UAV can be refueled. Engineering students at the University of California, San Diego performed initial design and testing of this mechanism during their senior design course [8] . When the UAV lands on the launch fixture, a set of rotating fingers grab the UAV landing ring and pull the UAV into the center of the fixture (Figure 8 ). The center latch mechanism is then raised to mate with the refueling nozzle in preparation for refueling and re-launch. 
